Ductal carcinomas accounted for nearly all metastases seen in epithelial canine mammary tumors submitted to the Tulsa Registry of Canine and Feline Neoplasms in a 4-year period from a defined canine population. Lobular and squamous cell carcinomas were the only other metastatic carcinomas seen. Early ductal carcinoma was used to indicate nonmetastatic ductal carcinoma with a favorable post-surgical prognosis. Benign epithelial tumors were categorized as adenoma, ductal papilloma and squamous cell papilloma. Progressive transformation of well defined adenomas and papillomas to carcinoma was not evident in histologic preparations.
referrals, tumor incidence rates in veterinary institutional hospitals have no definable relation to geographical boundaries or animal populations.
Although the purpose of this paper is not to present epidemiologic data, table I, showing the frequency of the more common canine cancers in the first Tulsa Registry year, is included to emphasize the importance of the ductal carcinoma. Table I1 lists all diagnoses of epithelial mammary tumors made in the same year and represents the basic divisions in the proposed classification. The only tumor subsequently added to those seen in the first year was the squamous cell papilloma of the overlying skin and major keratinized ducts of the teat. This is an infrequent tumor but one potentially transformable to squamous cell carcinoma.
The recent literature on classification of canine mammary tumors [4-7, 10-16, 221 is complex. None of the proposed classifications adequately defined divisions between benign and malignant tumors to enable us consistently to identify behavioral characteristics of the epithelial tumors for the responsible surgeon or clinician. Secondly, we found that a classification weighted towards evaluating neoplastic changes in epithelium and minimizing myoepithelial and mesodermal changes was the most accurate. Additionally, most surgeons were pleased by the predictive ability of preoperative cytologic procedures when we could accurately correlate the appearance of the collected epithelial cells with the subsequent histology. Incisional biopsy in problem cases was not needed and this resulted in better client relation for the surgeon. As our study developed, recurrences, metastases and laterdeveloping tumors allowed us to define more accurately the exact limits of our classification in regard to benign, malignant and surgically curable malignant tumors.
Materials and Methods

Exfoliative Cytology and Fine Needle Aspirations
Specimens submitted for cytologic evaluations were fluid expressed from the teat and material collected by fine needle aspiration from a palpable mass. Both types sometimes were collected from the same gland. The participants were provided 1 percent gelatin coated slides, 95 percent ethanol-alcohol filled Coplin slide jars, cardboard slide containers, a commercial aerosol fixative spray and screw top tubes half-filled with 40 percent ethanol. Written instructions were furnished and the summary on preparation of mammary specimens was: "expressed fluid collected from the teat is placed on a labeled slide and spread evenly with a second slide. The slides are immediately immersed into the slide jar containing 95 percent ethanol. Aspiration specimens are collected with a 20 milliliter syringe and 20 gauge needle. The skin over the mass is prepared as for surgery. The mass is stabilized with one hand and with the other the needle is introduced into the mass. Material is aspirated, then with the plunger stabilized, the needle is redirected without withdrawal from the mass for collection of cells at a different site. The plunger of the syringe is stabilized as the needle is withdrawn. The collected cells are removed by slowly withdrawing the plunger of the syringe to allow 3-5 milliliter of air to enter the syringe. The needle and syringe are placed perpendicular to a labeled slide and the material is expelled onto the slide and spread with the bevel of the needle. The slide is immersed in ethanol in a Coplin jar immediately or sprayed with aerosol fixative. In some cases where there is abundant fluid available, either through expression or aspiration, it is placed into the screw top tubes containing 40 percent alcohol." Cells on slides that had been placed in alcohol were uniformly fixed but this was not always so with the aerosol fixative. To assure good fixation if the aerosol method is preferred the slide should be immersed in 95 percent ethanol for about 5 minutes before spraying with aerosol. Includes one ductal carcinoma in a male dog.
Specimens were stained at the Tumor Registry cytology laboratory. Slides coated with aerosol spray and those in 95 percent alcohol were placed in the first fluid of the staining procedure. Fluid specimens mixed with 40 percent ethanol were centrifuged at about 1500 rpm for about 25 minutes and then smears were made from the sediment. These sediment slides were fixed in 95 percent alcohol for at least 30 minutes before staining. The staining method is a modification of Sano's method of Pollak's trichrome stain [20] . The specimens were reported by this system advocated by Papanicolaou [18] : class I , no cellular atypia; class 11, cellular atypia, but no evidence of malignancy; class 111, cytologic evidence suggestive of malignancy; class IV, cytologic evidence strongly suggestive of malignancy; and class V, conclusive cytologic evidence of malignancy. If the specimen was unsatisfactory, an explanation was made and no classification was given. Classification was deferred when no judgment could be made on whether the cells represented a benign or malignant tumor.
Mammary cytologic preparations increased each year of the registry. I n the absence of other diagnostic techniques such as mammography and thermography used with women, cytology is one of the few nonsurgical procedures for evaluating canine mammary masses. Cytology is an aid in determining appropriate surgical procedure. The value of cytology is directly proportional to its reliability in correlation with the histologic classification of the lesion. We have diagnosed malignant tumors and are interested in learning to differentiate consistently early from invasive carcinoma and to recognize precancerous lesions.
Surgical Pathology and Necropsy Procedures
The frequent involvement of the fifth mammary gland with epithelial mammary tumor often led to the removal of the inguinal lymph node and fat pad on the same side. Even in fat bitches, it was not difficult to find the characteristic arrangement of the fat pad and identify the area to be searched for the inguinal lymph node. It was easier to do this in formalin-fixed tissue. This node may be small and difficult to find. The axillary lymph node was much easier to find and evaluate.
Mammary glands 1 , 2 and 3 (anterior-posterior) drain to the axillary node and the third gland drains also with glands 4 and 5 to the inguinal nodes. Tiny or significantly enlarged lymphoid nodules or follicles were seen in inflammation, physiologic cycling and degenerative and neoplastic diseases and they usually had a rather consistent close arrangement to ducts and alveoli.
When possible, tissue blocks for histology were collected from each mammary gland by registry pathologists using the same procedure. By palpation, an attempt was made to establish the location of single or multiple growths in an affected gland. An incision was made through the center of the teat so that at least two or three primary teat ducts could be examined. If the tumor was at the base of the teat or extended towards it, the incision was made to include the tumor. Primary teat ducts were examined in all epithelial mammary tumors. Some surgeons removed the entire chain of mammary glands on one side in small bitches when there were multiple tumors. The remaining mammae thus could be removed in a second operation. In these large specimens each gland and lesion from which sections are taken must be identified. Tissues were fixed in buffered 10 percent formalin. After embedding, sections were cut at 6 micrometers and stained with Harris' hematoxylin and eosin (HE).
Results and Discussion
In evaluating mammary tumors received the first 2 years, we used the nomenclature of benign and malignant mixed mammary tumors for one group. Neoplastic epithelium consistently was present with related but variable cellular combinations of myoepithelium and mesenchymal tissue including cartilage, bone and fibrous connective tissue.
As it became obvious that these mesenchymal tissue inclusions never represented more than proliferating and nonneoplastic cells and the appearance or predominance of any of these mesenchymal tissues did not influence our interpretation of the neoplastic status of the epithelium, we decided to abandon that nomenclature. Our concept of the reasons for the appearance of this mesenchymal tissue is presented later. In adopting the classification used in this paper in which mixed tumors are not recognized, we did find that we could more easily and accurately arrive at a diagnosis when we made an exacting evaluation of the epithelium alone. Now, after over 4 years of classifying registry cases, subsequent studies support our feeling that mammary tumor diagnoses predicated on cytologic and histologic changes in epithelium can be accurate.
The confusion in regard to canine mixed mammary tumors may be related partly to a failure to abandon the nomenclature used in the first part of this century when all prominent tissue parts were included in the name. In canine mammary tumors, the proliferation of fibroblasts, osteoblasts and chondroblasts also led to implications in the literature [6, 7, 10, 11 , 141 that mesenchymal tissue not only became malignant but metastasized as fibrosarcomas, chondrosarcomas or osteosarcomas. The issue became hopelessly confused by the introduction of the myoepithelial cells as tissue capable of transformation [3, 13, 141 into identifiable mesodermal tumors. In reference to metastatic ductal carcinoma with either osteoid or bone or both, we never found typical osteosarcoma cells which would support a diagnosis of an included second malignant tumor. There were no anaplastic osteoblasts similar to those seen in skeletal osteosarcoma. Since we did not identify metastatic osteosarcoma, fibrosarcoma or chondrosarcoma growing in a metastatic site of a ductal carcinoma, we postulated that associated bone, osteoid, cartilage or fibrous connective tissue were heterotopic or reactive tissue.
We categorize fibroma, fibrosarcoma, lipoma and liposarcoma of the abdomen, which sometimes grow into and mix with epithelial mammary structures, as subcutaneous tumors and not primary mammary tumors.
In establishing the diagnostic features of ductal carcinoma, we noted a pleomorphism of neoplastic epithelial cells in both cytology and histology preparations which seemed to correlate with poorly differentiated squamous metaplasia. The recognition of squamous metaplasia in histologic sections helped to focus attention on easily overlooked ductal carcinoma cells where growth of these cells produced partial ( fig. 2 , 9 , 16) or nearly total ( fig. 17a ) disruption of basement membranes. Other more malignant ductal carcinomas were more easily diagnosed but it was not uncommon to see squamous metaplasia in many of them.
We were unable t o correlate degree o r extent of squamous metaplasia with malignancy. Its recognition only indicated an abnormal cellular component. Ductal carcinomas were seen without squamous metaplasia ( fig. 7 , 8, 1 0 , 11, 19a-d) and these included some of the more anaplastic and pleomorphic ductal carcinomas. We d o see squamous metaplasia, often very well defined, in ductal papillomas and a few adenomas.
When preoperative cytology indicated malignant cells, we made much more extensive searches for foci of ductal carcinoma in the histologic sections. The association of malignancy and squamous metaplasia became important in this search. In many of these searches, pseudocartilage, cartilage, fibrous connective tissue, pseudoosteoid, osteoid and bone close to nonneoplastic or benign neoplastic mammary tissue as well as to the carcinoma was distracting. However, as with squamous metaplasia, we could not correlate the mesenchymal changes with malignancy.
Our studies indicated that with complete surgical excision of early ductal carcinoma, which had only partially disrupted basement membranes (fig. 2, 9, 16) , few recurred o r metastasized. This contrasted with a high number of persisting carcinomas in which breaks in basement membranes were associated with the appearance of malignant nests of cells in the stroma. It became clinically important, therefore, to identify each group and to give a good prognosis to the early carcinomas. Our confidence in this interpretation became established when the degree of invasiveness could be correlated with later behavior. The intraductal type of ductal carcinoma produced a gradual thinning of the basement membrane in its growth and our judgment placed most of those in the early ductal carcinoma group, even when the membrane seemed almost non-existent. It was rewarding to have a high surgical-cure rate in these designated early ductal carcinomas even when the intraductal growth was 15 to 25 cells in diameter in many tubules. These findings were similar to those in cases of intraductal carcinomas in women. We d o have several cases of metastases of the intraductal growth pattern. In these, there was no definable basement membrane in segments of the growth but there were expanded masses of neoplastic epithelial cells with or without squamous metaplasia. These extremely anaplastic intraductal carcinomas may metastasize to regional lymph nodes without invading through the outer limits of the transforming tumor (sometimes they are encapsulated). This feature, however, was not a consistent finding and many carcinomas were invading at the borders of the transforming tumor.
We decided not to include a detailed supporting morphologic classification in the diagnosis of ductal carcinoma until each added morphologic factor could be established to qualify our prediction of malignancy based on invasiveness. Hence, we do not use cystic, solid, papillary, scirrhous or other epithelial growth patterns in expressing a diagnosis. The combination of several growth patterns in the same carcinoma and variability in the morphology of each pattern added to the complexity and contributed to our conclusion that a secondary pattern was not important in a prognosis for most ductal carcinomas.
We do have several cases of ductal carcinoma in which the pattern of invasive cells varied from a solid to cribiform ( fig. 11 ) and represented a rapidly progressive carcinoma with widespread metastases. On review, other solid carcinomas with or without a secondary cribiform pattern were no more aggressive than other ductal carcinomas. This helped convince us that we could not rely on growth patterns in a classification. One researcher [2] believed scirrhous ductal carcinomas often represented a group with a higher malignant potential, but we could not confirm that in reviewing our cases of scirrhous carcinomas ( fig. 10 ). The associated hyperplastic connective tissue in the case shown in these figures should not be confused with proliferating myoepithelial cells.
Two of our ductal carcinomas were similar to those seen in women with Paget's disease where there was a characteristic epithelial lesion and underlying tumor. We still are trying to define better Paget's disease in the dog at teat orifices and in the skin overlying the mammary gland. The number of diagnosed cases of Paget's disease was small and we attempted to evaluate the entire gland and characterize the underlying tumor with each diagnosis. We plan to publish a separate paper on canine Paget's disease. Paget's disease is mentioned because we have apparently unrelated squamous cell carcinomas arising as metaplastic tumors from ductal carcinomas as well as independent carcinomas arising from overlying skin and major keratinized ducts of the mammary glands. These independent squamous cell carcinomas have been seen only in three dogs but one carcinoma at the teat orifice did have regional and distant metastases. In one of two metaplastic squamous cell carcinomas ( fig. 17a, d ) , there were metastases of the primary ductal carcinoma only with heterotopic osteoid ( fig. 17c ) and cartilage.
Lobular carcinomas were recognized as a distinct type and had the morphology which in women has been associated with origin in lobules. The characteristic solid nests of cells were seen in most of the lobular carcinomas ( fig. 14a , b ) and these nests sometimes were widely scattered in the stroma. In other lobular carcinomas ( fig. 15 ), there were hyperplastic ducts within or bordering the closely grouped arrangement of neoplastic cells. Only one lobular carcinoma was seen in the first year of the registry (table 11) but since then, we have nine more. We now have three lobular carcinomas with regional lymph node metastases but we have not seen progressive spread in the abdominal skin which has characterized the more malignant ductal carcinomas. It is possible that lobular carcinomas grow more slowly and metastasize later than ductal carcinomas. We consider all our lobular tumors as carcinomas and hence malignant. The seven nonmetastatic lobular carcinomas were not separable morphologically from those that metastasized. In blind studies, we attempted to identify pleomorphic or anaplastic characteristics for the metastatic lobular carcinomas but were not successful. We had the same difficulty in attempting to predict behavior of other lobular tumors of the canine mammary gland in our files but not submitted through the registry; these also were regarded as carcinomas.
We were aware of the need expressed by others [6, 151 for a better classification of the epithelial canine mammary tumors. Their doubt as t o whether a medullary tumor was distinct in the bitch is in agreement with our interpretations. O n e investigator [ 151 recently reclassified an earlier designated medullary tumor as a ductal carcinoma because of an histology more consistent with ductal carcinoma.
O u r simple classification of malignant mammary tumors established overwhelmingly that the ductal carcinoma was the most frequent epithelial cancer of the mammary gland (table I). Since neither the squamous cell nor the lobular carcinomas had a related heterotopia of mesenchyme to cartilage, bone and fibrous connective tissue or their predecessors, the ductal carcinoma was the only malignant tumor that initiated these sometimes massive proliferations of mesenchyme. This group of ductal carcinomas with large areas of proliferating mesenchyme usually had gone beyond the early stage of transformation and were potentially capable of metastases. In our tumors, we saw matrix, osteoblasts and osteoid, chondroblasts and cartilage, and mineralized areas of transforming cartilage and bone bordered by ductal carcinoma ( fig. 16, 176, 18, 19a, 6 ). Metastases included a sometimes difficult-to-recognize anaplastic ductal carcinoma and the included proliferating mesenchyme ( fig. 17c, 19c, d ) . Often the heterotopic tissues in primary site and metastases looked remarkably alike. Small early metastases were the lesions in which it was easiest to find convincing proliferations of neoplastic epithelium and transforming mesenchyme ( fig. 18, 19c, d ) . Figures 19c, d show metastases of the infiltrating ductal carcinoma in figures 19a, b . Well defined heterotopic cartilage and bone were at the primary site of this tumor.
Massive zones of osteoid and bone or cartilage in primary sites and lung metastases ( fig. 16 , 176, c) may have borders histologically distant from the ductal carcinoma, but we do not believe this justifies calling them chondromas, osteomas, chondrosarcomas or osteosarcomas. Nonneoplastic cartilage or bone formation is of little diagnostic importance if it is caused by an overriding neoplastic proliferation of epithelium.
Osteoid tissue sometimes was seen in a matrix within ductal carcinoma where we had a malignant ductal carcinoma ( fig. 16, 18, 1%-d) . At first we were hesitant to propose these zones within ductal carcinomas as a point of origin for the osteoid because histologic sections can be misleading owing to displacement of tissues by subsequent neoplastic growth and because transformation from stromal connective terrier. Squamous metaplasia in nest in epithelial cells (arrow) shown at higher magnification in figure  9b . H E . tissue could be masked by necrosis. Stimulation by neoplastic epithelium or cellular release of epithelial secretions, or both, in the mammary area may cause formation of heterotopic bone and cartilage. Release of glandular secretions into stroma or between proliferating tumor cells or both may be responsible for the formation of heterotopic tissue in both benign and malignant epithelial tumors. If the development of the ductal carcinoma precedes the formation of heterotopic tissues as well as the squamous cell carcinoma in most cases of metastatic tumors, it is logical that early removal of the ductal carcinoma will prevent development of these mesenchy-ma1 proliferations and advanced squamous metaplasia. This may be why there are fewer metastases and fewer tumors with extensive mesenchymal proliferations or squamous metaplasia if these tumors are removed when small.
Tumors that did not show invasion of basement membranes of the ducts or alveoli were grouped into benign categories of adenomas and papillomas. Careful evaluation of epithelium was necessary to establish that a variety of hyperplastic conditions, myoepithelial proliferations and cyclical involution of mammary gland such as is associated with postlactation phases of pregnancy and pseudocyesis were not neoplastic. Also, some papillomas merged morphologically into adenomas. In those benign tumors, we attempted to recognize the most anaplastic epithelium and use the characterization of those cells in our diagnosis even though they might represent the smaller segment of the growth. Hence, as in the diagnosis of all epithelial mammary tumors, our diagnosis attempted to evaluate the cells that show the least degree of differentiation. In some of the more anaplastic cases, additional sections were prepared in further search for carcinoma. Our confidence that we were interpreting correctly was reinforced when malignant tumor only could be found in an insignificant number. The early ductal carcinomas seen in these latter cases should not and did not recur after surgical excision. We concluded that our proposed developmental behavior of epithelial mammary tumors already alluded to is correct and will be supported by our later more detailed studies. Subsequent history and the present histologic evaluations supported a behavior pattern that persisting adenomas and papillomas enlarge slowly for months or years and most carcinomas pass rapidly through the benign developmental stages.
As we learned to recognize at least some of the distortions of epithelium in the benign epithelial tumors, we decided, as we had with ductal carcinomas, that myoepithelium was an integral part of the epithelium and did not transform into independent tumor. It was not important in diagnosis whether we could separate the myoepithelial cells from epithelial cells ( fig. 20a-d, 21a, 6 , 22, 23) . It seemed much more important to characterize a ruptured or distorted neoplastic epithelium. Again, it was our conclusion that release of mammary gland secretion into the ' Metastases in regional lymph nodes (inguinal or axillary) or more distant metastatic sites that occurred during the first registry year. Later metastases in the subsequent 3 years not included for several cases. stroma or contact by the epithelial cells with mesenchyme initiated squamous, fibrous, cartilagenous and osteoid proliferations and thus was responsible for the formation of heterotopic bone and cartilage. Heterotopia of cartilage and bone and fibrous and possibly myoepithelial proliferations were common to both papillomas and adenomas. The prominence of myoepithelium in the normal human and canine mammary glands is not clearly established. One investigator [ l ] may be correct when he stated that myoepithelium in human breast tissue is no more prominent than in the canine mammary gland.
Many investigators [24] have proposed the transformation of neoplastic epithelium to cartilage in the human mixed (or pleomorphic) salivary tumors and the mucoid adenocarcinomas of the human breast. We saw epithelial changes such as they described and compared and found them similar to those of the canine mammary tumors. With the light microscope, epithelial cells may seem to transform directly into cartilage. Although recent work suggests no direct transformation of epithelial cells to cartilage and bone [20, 231 , there have been no critical evaluations of possible origin from stromal or mesenchymal cells. O u r concept of origin from a stimulation by epithelium o r epithelial secretion o r by both is supported by one researcher [24] who stated in relation to the cartilage-like areas in pleomorphic (mixed) salivary tumors:
"The epithelial nature of the cells is quite clear, not only from their frequently obvious derivation by sprouting from glandular tissue. . . . The mucinous matrix in which the cells are suspended is clearly formed by this secretion of the cells themselves." This same investigator supported our observations further by proposing a similar secretory mechanism and epithelial involvement in the formation of a matrix in mammary adenomas and adenocarcinomas by stating: "It may be added here that scattering of detached epithelial cells in pools of their own secretion, and slow changes in the characters of that secretion are not peculiar to salivary tumours, but are seen in mucoid adenocarcinomas ('colloid cancers') of the alimentary canal or breast ."
We emphasize the secretory aspects of the ductal and alveolar cells. In epithelial mammary tumors with mesenchymal changes, we see a matrix dominated by this secretion. The secreting epithelial cells, when suspended in this matrix, resemble or are mixed with either cartilage with chondroblasts or osteoid with osteoblasts; the names pseudocartilage and pseudoosteoid are appropriate. The appearance of well defined cartilage, osteoid and bone is the last step in these related tissue changes. The probable point of origin of these mesenchymal tissues is mesenchyme. We have used the terms of heterotopic cartilage and heterotopic bone to emphasize that cartilage and bone in these tumors are proliferating but not neoplastic.
Some investigators [23] of the human salivary tumors have used electron microscope studies to justify their conclusions that there is n o transition of epithelium or myoepithelium to cartilage. The cartilage cells that first appeared mixed with epithelial and myoepithelial cells in that study had features of hyaline cartilage. Cells described as indeterminate epithelial or myoepithelial were shown. They did not believe these cells were in a transition stage and developing into cartilage. The indeterminate cells seemed to be the same type evaluated recently in a study of the relation of canine mammary adenoma to cartilage formation. That investigator [20] concluded those cells were myoepithelial cells transforming to cartilage. Therefore, in the two studies, the identity and function of these epithelial-related cells appear not to have been established. For our classification, it is not important whether the myoepithelial cell or the mesenchymal stroma is the transforming tissue.
Just as squamous metaplasia was frequent in ductal carcinomas, pseudocartilage with a mucinous-like matrix was the most consistent secondary finding in the benign adenomas. Another consistent secondary finding was the obvious ductal mimicry of proliferation of epithelial cells. We do not believe this tumor is a mixed fig. 20b-d, 21a, b ) . Strands or groups of cells probably secrete directly into the matrix and there are probably breaks in the neoplastic ducts. The latter would allow discharge of the usually plentiful and intensely stained secretions ( fig. 20a ) into the stroma.
Another phenomenon of the mammary gland adenoma and papilloma that should be considered is the formation of heterotopic cartilage ( fig. 22 ), heterotopic bone ( fig. 23 ) and fibrous connective tissue. Cartilage and bone are either closely related to, or is the same as, the pseudocartilage and pseudoosteoid transition zones. The mechanism of formation of cartilage and bone is not understood. It is logical that points of origin probably would be limited. Although marrow cavities form in adenomas with heterotopic bone they are rare and probably occur only when bone has been present for a long time. When tumors remain for several years (most would be benign), it seems reasonable that bone marrow would develop. Further transformation of these metaplastic or heterotopic cells to neoplastic cartilage and bone would be rare.
Although most adenomas remain benign, they can be confused clinically with ductal carcinomas because until malignant transformation is advanced, there are no grossly detectable differences. All carcinomas begin as benign growths but transform usually to malignancy in a few weeks. We believe that carcinomas and all other growths in the mammary gland should be removed as early as feasible. Heterotopic or metaplastic bone has no neoplastic potential in either the benign or malignant tumor. Hence the prognosis must be guided by evaluation of the initiating epithelial tumor. The same relation of pseudocartilage, pseudoosteoid, cartilage and bone to the ductal papilloma could be described and illustrated in detail. The heterotopic changes in that tumor mimic the adenoma so closely, however, that we concluded in our evaluation ( fig. 23 ) that the process is identical.
A few papillomas seem to merge into adenomas. Papillomas, like the adenomas, usually grow slowly for months and years. It seems worthwhile to group these separately until there is more information on biologic behavior and potential malignancy.
It is important to see if spaying, which protects the dog from malignant epithelial mammary tumors [22] , protects it also from adenomas and ductal papillomas. This evaluation has not yet been completed on registry cases. The possibility that the ductal papillomas are less related to endocrine imbalances than adenomas also needs to be investigated. We do know that papillomas are frequently solitary and centrally located in a single mammary gland near the major ducts. This finding contrasts with the findings of frequent multiple sites of adenomas, including the edge of a gland. Additional papillomas and adenomas often arise later in other glands or the same gland if complete mastectomies are not done. We are beginning the study of possibly different behavior patterns of these later-appearing tumors.
We also see tumors morphologically similar to the fibroadenoma of women in some bitches, predominantly in the 3-6 year old age group. These fibroadenomas within the group of adenomas will be characterized as our study of benign mammary tumor progresses. W e see no advantage now in enlarging on the specific characteristics of the adenoma and papillomas. We have begun extensive comparisons with their human counterparts and use the strict interpretation as in human cases that they must have an intact basement membrane.
The proposal that epithelial transformation initiates nearly all canine mammary tumors is not revolutionary [S, 16, 17, 191 . We can learn much from these studies completed over 20 years ago. Laier and particularly in the last decade, the role and appearance of myoepithelium and epithelium in formation of epithelial mammary tumors became confused and we believe stains and proliferative changes were misinterpreted [3, 13, 141. O n e of these earlier investigating groups [8] advocating the dominating role of epithelium summarized their impressions thus: "Observers . . . are agreed that most of these neoplasms are (mixed tumors) containing in addition to neoplastic epithelium at times myxomatous tissue, cartilage, osteoid and bone; . . . It has been stated that the connective tissue , . , and cartilage , . . are derived directly from epithelium. T h e epithelial element in the tumors has been found to metastasize to the axillary and inguinal lymph nodes and lungs."
The same group also had comments on bone formation by examining excised neoplastic mammary tissues: "In two dogs, papillomatous cysts were excised, opened and sutured with the epithelium facing the sheath of the muscle, rectus abdominus. . . . In both instances the epithelium survived and small spicules of bone were found in histological sections adjacent to new epithelium."
We now have in registry files three salivary carcinomas and one anal carcinoma in which heterotopic bone was being formed. There is a report [9] of three benign mixed salivary tumors and one malignant salivary tumor in the dog that appeared to have the potential to produce cartilage and bone. Tables I and I1 show the distribution of cases in the first year of the registry. Tumors that metastasized as ductal carcinomas but had prominent squamous metaplasia in both the original growth and the metastases were recorded as metastatic ductal carcinomas. The same was true of ductal carcinomas with bone or cartilage heterotopic in their metastases. In the first year, we recorded one squamous cell carcinoma that arose either independently from skin overlying the mammary gland or from the teat orifice. A second squamous cell carcinoma that apparently arose by metaplasia of a ductal carcinoma was not recorded as an individual tumor in the tables because the metastases contained only ductal carcinoma with osteoid and cartilage. This secondary squamous cell carcinoma seemed to transform in the primary growth into an independent squamous tumor ( fig. 17d ) but we again decided to record only the most malignant part.
The guidelines for our designation of early ductal carcinoma were based on predicting clinical behavior. This designation allowed us to predict that after surgical excision the early ductal carcinoma would not recur. Our diagnoses of early ductal carcinoma were made too conservatively in the first 2 years. We now recognize the degree of invasion of ductal carcinomas which, if representative, is indicative of limited potential to metastasize.
Classification must be kept simple. We hope we have made a correct interpretation of the biological behavior of canine epithelial mammary tumors. The reaction of people to a new or a revival of an old concept goes back to one's basic philosophy. It is expressed best by Epictetus (circa 60 A . D . ) :
"If what the philosophers say be true,-that all men's action proceed from one source; that as they assent from a persuasion that a thing is so, and dissent from a persuasion that it is not, and suspend their judgement from a persuasion that it i s uncertain, --so likewise they seek a thing from a persuasion that it is for their advantage."
